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GOLDSTEIN, J. M. Intravenous infusion system for chronic drug admfltistration in unrestrained rats. PHARMAC. 
BIOCHEM. BEHAV. 4(5) 613-615,  1976. - This paper describes a system for long-term intravenous infusion studies in 
relatively unrestrained rats. It has the advantage of allowing continual 24 hr studies to be run without the problems of 
having the infusion cable tangle or interfere with the normal activity of the rats, and most of the components are either 
easily made or readily available from commercial sources. The apparatus itself incorporates the features of several reported 
chronic infusion systems using modifications to produce a feed-through swivel and infusion cable which can be adapted to 
a wide range of experimental chambers. In addition, a skull implant is described which minimizes the restraining features 
inherent in harnesses and provides a secure link between the rat and the infusion cable. The implant mates directly with the 
infusion cable and is readily detachable. The entire system is inexpensive and requires a minimum of construction. 
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S E V E R A L  sys tems  for  long- te rm in t r avenous  infus ion  in 
un res t r a ined  rats  have been  descr ibed  in the  l i te ra ture  [2, 4, 
5, 6 ] .  Most  o f  the inves t igators  agree t ha t  the  cri t ical  f ac to r  
involved is to  al low f r eedom  to  the  rat  while  m a i n t a in ing  a 
reliable l ink b e t w e e n  the  an imal  and  the  infus ion  device. 
The  a p p a r e n t  so lu t ion  would  be to e m p l o y  some type  of  
swivel a r r a n g e m e n t  which  would  al low the rat  f r eedom to 
move  b u t  would  p reven t  the  infus ion  cable f rom b e c o m i n g  
tangled.  The  c o n s t r u c t i o n  of  var ious  swivels have been  
descr ibed  bu t  usually require  special  par ts  which  mus t  be 
m a c h i n e d  to  varying degrees  of  accuracy  thus  a f ford ing  a 
close f i t t ing wa te r t i gh t  device [2, 4, 5, 7, 8 ] .  The  use of  
commerc ia l ly  available swivels could alleviate this  p rob lem,  
bu t  these  swivels are usually expens ive  and require  a h igher  
to rque  to func t i on  and  rats  would  have to  be f i t ted  wi th  a 
harness  in o rde r  to  faci l i ta te  m o v e m e n t  of  the swivel [61. 
The  use of  a harness  in i tself  creates  a degree of  r e s t r a in t  on 
the rat .  F inal ly ,  the infus ion  cable mus t  be cons t ruc t ed  in 
such a way t h a t  the  ra t  c a n n o t  bi te  t h r o u g h  it. This  
p rob lem has  been  h a n d l e d  by  e i t he r  having  the  an imal  
comple t e  an electr ical  c i rcui t  when  it tries to  bi te  the  cable,  
the mild shock  de ters  such a behav io r  [ 3 ] ,  or  the  infusion 
cable is p r o t e c t e d  by  a wire cover ing  [ 1 ] .  

The  sys tem descr ibed in this  paper  uses an inexpens ive  
commerc ia l ly  avai lable swivel,  bu t  wi th  an added  arm to 
reduce the  torque ,  thus  a l lowing an i m p l a n t  r a the r  than  a 

harness  to  be used. The swivel, infus ion  cable and implan t ,  
which  is ancho red  to the  ra t ' s  skull,  securely  a t t ach  to each 
o the r ,  bu t  can easily be separa ted  to al low removal  of  the  
rat. The  sys tem is flexible,  no  mach ined  par ts  are required ,  
and the  only  c o n s t r u c t i o n  needed  (aside f rom the imp lan t )  
is to  solder  the arm to the T u o h y - B o r s t  adap te r  which  is 
descr ibed in the fo l lowing sect ions.  

DESIGN 

Construction of  the Implan t 

The  imp lan t  is cons t ruc t ed  f rom the base of  a 25 ga 
h y p o d e r m i c  needle  (plastic,  d isposable  type) ,  and f i t ted 
wi th  a guide cannu la  (available f rom Plastic P roduc t s  Co., 
Roanoke ,  Virginia;  No. C-313-G).  Af te r  removal  of  the 
needle  po r t i on  the  r emain ing  h u b  is cut  a p p r o x i m a t e l y  9 
m m  from the b o t t o m  and a small  hole  is dri l led at  a sl ight 
angle in the  side of  the base. The  guide cannu la  is b e n t  at a 
45 ° angle and f i t ted in to  the top  of  the  h u b  so tha t  the  
shaf t  of  the guide cannu la  p r o t r u d e s  ou t  of  the  hole in the  
base of  the  hub .  The  assembly is then  inver ted  and  
cemen ted  t o g e t h e r  by pour ing  the c e m e n t  in to  the  b o t t o m  
of the hub .  Any  fast d ry ing  c e m e n t  may be used, a l t hough  
den ta l  acrylic was found  to be the  easiest  to work  with .  
Before  the c e m e n t  has h a r d e n e d ,  a small  screw (Star  
Stainless Screw Co. No. 0 / 8 0  × 1/8 in.)  is placed head first 
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FIG. 1. (A) Components  of the implant (guide cannula, mounting screw and needle hub) are shown in the top row, the completed implant is 
'shown on the bottom; 03) The arm is bent according to the picture and the Tuohy-Borst adapter (pictured separately at lower right) is 
soldered to the arm at its center. The unmounted swivel is pictured in the bot tom left; (C) The completed arm assembly is shown with the 
counterweight mounted on the right and the infusion cable routed around the arm and secured as shown; (D) The swivel has been attached to 
the arm and mounted on the top of  the test chamber using the base of a laboratory acoessory stand to secure it. The connection between the 
luohy-Bors t  adapter and the infusicm cable has been reinforced by the addition of a piece of plastic tubing over the connection, and an 

optional sleeve has been attached to the right side of the arm through which the infusion cable has been routed. 
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into the base to allow the implant to be screwed into the 
skull. When the cement has completely dried the guide 
cannula is bent to almost 90 degrees. The components and 
completed implant are shown in Fig. 1A. After the external 
jugular has been cannulated, the catheter is brought 
subcutaneously to the top of  the skull. The implant is then 
screwed into the bone and acrylic cement is placed around 
the base to ensure rigid attachment. Prior to cementing, the 
addition of two screws on either side of the implant will 
facilitate the adhesion of the acrylic. The end of the 
catheter is then pushed onto the tip of the guide cannula. 

Swivel  and A r m  Assembly  

The swivel (Becton-Dickinson No. 3080-625A) is con- 
nected to the arm by means of a Tuohy-Borst adapter 
(Becton-Dickinson No. 3097-610A). The arm is a thin tube 
of metal, 6 in. long, which is bent according to the picture 
in Fig. lB. The Tuohy-Borst adapter is soldered to the arm 
at its center. One end of the arm is bent in a small loop to 
hold the infusion cable, and the other end is attached to a 
small counterweight (about 2 0 - 2 5  g). The swivel, Tuohy- 
Borst adapter and completed arm are shown in Fig. 1B. 

Infusion Cable 

The infusion cable (Plastic Products Company No. 
C313-C) is available in various lengths with a protective 
spring covering to prevent the rat from chewing through the 
cable. A length of  14 in. has been found to be most suitable 
for a variety of experimental chambers. The cable is 
attached to the arm by means of the Tuohy-Borst adapter. 
It is then looped through the end of  the arm and 

the height adjusted for the particular chamber in use. The 
completed assembly is shown in Fig. 1C. 

APPLICATION 

The Tuohy-Borst adapter is fitted into the swivel (luerlok 
connectors facilitate this and provide a leak proof 
connection) and the swivel is attached by either securing 
the uppermost stationary portion to the top of the 
chamber, or using a ring stand and clamp. The infusion 
cable is attached to the rat by simply screwing it onto the 
implant. The end of the infusion cable mates with the guide 
cannula used for the implant, and provides a leakproof seal 
when screwed down. The rat can easily be taken out by 
unscrewing the coupling at the end of the infusion cable. 
When the rat is disconnected from the apparatus, it is 
advisable to place a dust cap (Plastic Products Co. No. 
MS-303) over the implant. This will prevent the catheter 
from becoming clogged. The stationary end of the swivel 
can be attached to an infusion pump using standard luerlok 
adapters and polyethylene tubing. The total length of the 
swivel can be extended by using a needle extension 
(Becton-Dickinson No. 1118-LLX). Thus the swivel can be 
extended if the height of the test chamber is a critical 
factor. Figure 1D shows the infusion system with the swivel 
mounted on the top of the test chamber. 

The infusion system as described above has been in use 
for several studies in which rats were allowed 24 hr access 
to self-administration of drugs, 7 days per week including 
weekends, without any problems with the cable becoming 
tangled. 
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